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In  the  present  study  observations  concerning  the .movement  of  water  in 
normal tissues removed from the body (1) have been used as a  guide to the 
study of the similar changes in tumors.  Those that have been used are hepa- 
tomas and cholangiomas produced in the liver of white rats by the administra- 
tion  of p-diemthylaminoazobenzene  (butter yellow) by mouth and sarcomas 
produced in white rats by the  introduction of 3,4-benzpyrene  into  the  sub- 
cutaneous tissue.  Two tumors, adenofibromas that have arisen spontaneously 
in white rats have been studied. 
Materials and Methods 
Hepatomas  (2)  produced by butter yellow  are soft,  usually homogeneous,  gray-white 
tumors which consist of irregularly disposed columns or trabeculae of polygonal cells resembl- 
ing liver cells.  These ceils contain basopld]e substance (tibonucleic acid (3)) in abundance. 
Their cytoplasm is occupied by vesicular bodies (cytochondria (4)) but similar bodies with 
the staining reactions of mitochondrla are much  less numerous than in the liver cells from 
which the tumor cells are derived.  The trabeculae are separated by delicate fibrous stroma 
containing blood vessels.  In places the cells have arranged themselves about a lumen and 
in some instances glandular alveoli are so abundant that adenohepatoma is an appropriate 
designation.  The trabecular or adenomatous arrangement of cells may be much distorted 
by the formation of solid masses of cells varying in size and shape and often undergoing mitotic 
division. 
Cholangiomas  (2) are firmer tumors and evidently contain more stroma than hepatomas. 
They may form nodules which on the surface of the liver have an indrawn center.  Histologi- 
cal examination shows that the tumor consists of irregular alveoli  formed by cubical or colum- 
nar cells about wide lvmlna.  Basophile substance (ribonucleic acid) may be very abundant 
in their cytoplasm.  The alveoli  are surrounded by abundant often dense stroma that may form 
thick bands.  Columnar cells not infrequently form  mucus,  recognized  by its staining re- 
action, and assume  the appearance of goblet cells.  Mucus may be recognized within dis- 
tended lumina of tumor alveoli. 
Sarcomas  produced by injection of benzpyrene into the subcutaneous  tissue consist of 
spindle-shaped cells varying in size and forming bundles that cross one another in different 
directions.  Intimately associated with these cells are callagenous  fibrils in greater or less 
abundance.  When the cells are large with scant fibrils between them,  the cytoplasm is 
deeply stained by basic dyes and gives reactions for ribonucleic acid. 
The methods used in this study have been described in the publication cited above (i). 
Slices of tumor with no evident edema and no opacity indicative of necrosis have been ira- 
* This study has been conducted with the aid of grants from The Jane Coffin Childs Me- 
modal Fund and The Anna Fuller Fund. 
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mersed in various fluids under the same conditions as those of the normal tissues in the earlier 
study.  In each of the experiments listed in a table or figure, the tumors have come from differ- 
ent animals, save in the case of metastases. 
TABLE I 
Change of Weight of Tumor Tissue Immersed in Water 
Hepatoma 
Experiment 1 
2 
3 
4 
Average. 
:Period of immersion,  m/n. 
~aice  is  3o  ~o  12o  B0  24o  so0 
rag.  per cent  per cent  per cenl  per cent  per eenl  pm vent  per cent 
85.4  130.4  116.0  112.0  106.0  75.0  74.0  57.0 
103.4  126.4  143.0  129.4  128.2  117.6  98.0 
141.2  121.4  129.0  129.4  133.0 
77.6  134.0  141.5  146.0  113.0  i00.0  92.0  87.0 
127.9  132.4  129.2  120.0  97.5  88.0  72.0 
Cholangloma 
Experiment 1  105.0  130.3'  138.0  145.5  147.0  145.2 
2  102.0  128.6  127.5  132.7  123.7  114.1 
3  33.0  134.0  126.8  119.0  98.2  87.3  69.0 
4  162.4  129.5  137.0  145.0 
5  97.8  130.9  137.0  129.0  120.9  110.0  102.5 
6  93.6  156.0  167.0  173.5  167.5  162.6  150.6 
7  108.7  138.3  154.0  165.0  159.0  154.1  157.6 
8  87.8  127.7  138.0  148.1  149.0  144.0 
9  172.6  130.6  127.3  133.1  120.5  107.1  98.5 
Average ...........  134.0  139.2  143.4  135.6  128.0  115.6 
Metastases of 
cholangioma 
Experiment 1  121.0  130.9  139.0  150.0 
2  117.0  188.0  193.0  203.6 
3  211.4  122.8  133.0  142.0 
Average ..........  147.2  155.0  165.2 
83.1 
191.4  167.5 
147.2  142.5  142.0  139.0 
169.3  155.0  142.0  139,0 
Movement of Water in Hepatomas 
Hepatoma tissue immersed in distilled water increases in weight rapidly and 
reaches a maximum after one-half to 1 hour (Table I, Figs. 1 to 3).  The weight 
then diminishes considerably below the original weight.  These changes differ 
conspicuously from those which occur when normal liver is immersed in water 
(Fig. 2); its maximum weight is reached after 2 hours and later well maintained 
during 5 hours of immersion. EUGEI'~  L.  oPzx  211 
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Fio. 1.  Composite graphs showing the per cent increase of weight of dices of tissue (a) from 
4 hepatomas; (b) from 9 cholangiomas, and (c) from metastatic cholangiomas of 3 animals (see 
Table I).  The br6ken lines represent the same data, plotted in accordance with a scale which 
indicates the square root of the time of immersion.  The scales  at top and bottom of the 
graph record the same observations independently. 
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FIG. 2. Two experiments in which increase in weight of hepatoma tissue immersed in 
water or in Ringer's solution (phosphate buffet in presence of air) is compared with that of 
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Histological changes that occur when hepatoma tissue is immersed in water proceed more 
rapidly than those in liver under the same conditions  (5) and produce advanced disintegration 
of cytoplasm.  After from 15 to 30 minutes tumor cells in a broad peripheral zone occupying 
about half of the sectioned tissue have lost the basophile substance  that is present in the cyto- 
plasm and well stained by methylene blue.  In the lowermost part of this zone next to the 
central unchanged  cells cytochondria are swollen and more conspicuous than in unchanged 
cells.  With  continued  swelling of  these  bodies  the  cytoplasm becomes  foam-like.  The 
spaces that give this appearance vary much in size, large vacuoles appear, and actual disinte- 
gration ofthe cytoplasm ensues.  Fibrous bundles of the stroma of the tumor are separated 
by spaces doubtless occupied by unstained fluid.  After from 2 to 3 hours of immersion  baso- 
phile substance  throughout the tissue has disappeared and cytoplasm of the cells is irregularly 
foam-like or, in greater part, disintegrated. 
When  normal  liver tissue  has  been  immersed  in  water  initial increase  of 
weight, that is, within the first half hour of immersion, has been proportional 
to  the square root of elapsed time  (1)  and  maintains  a  linear relation when 
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FIG. 3.  Increase in weight of hepatoma tissue in water, in Ringer's solution  (bicarbonate 
buffer in presence of carbon dioxide and nitrogen),  and in blood serum. 
plotted against this factor.  The  intake of water thus indicated is in accord 
with  that which would enter the tissue if its movement  were determined by 
osmosis.  Fig. 1 shows that hepatoma tissue has not maintained this relation 
during the initial period of immersion. 
When  normal  liver is  immersed  in  Ringer's  solution  its  weight  increases 
from 10 to 20 per cent and reaches after 2  hours a  maximum which is  main- 
tained during several hours  with slight diminution,,(1).  Hepatoma tissue in 
Ringer's solution take~ up a  very small quantity of water during the first half 
hour of immersion and then loses weight (Figs. 2 and 3). 
Histological examination shows that Ringer's fluid causes the disappearance of the baso. 
phile substance of the cytoplasm in a sharply defined zone at the surface of the tissue evident 
within 1 hour.  The change is like that in normal liver tissue immersed in Ringer's solution 
(1).  In immediate proximity to the unchanged  tissue the cytoplasm of tumor cells is vacuo- 
lated and foam-like but at a greater distance has undergone disintegration and is replaced by 
granular debris.  The change progresses but even after 5 hours some slightly changed tumor 
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In these experiments a modification  of Ringer's solution  recommended  by Krebs and Hense- 
leit (6) for the manometric measurement of the oxygen  consumption of tissues has been used. 
It is noteworthy that the progress of changes that have followed immersion of the tumor in 
Ringer's solution with phosphate buffer in the presence of air (Fig. 2) has not differed from 
those that have followed  immersion in Ringer's solution  with a bicarbonate  buffer  under anaero- 
bic conditions brought about by gassing of the solution with a mixture of carbon dioxide and 
nitrogen (Fig. 3). 
When slices of hepatoma are immersed in solutions of sodium chloride, vary- 
ing in concentration from 0.1 to 0.3 molar, intake of water is roughly propor- 
tional  to  the  concentration and maintains  an  approximately linear  relation 
to it when plotted (Fig. 5, Experiments 1, 2, and 4) but in one instance (Fig. 
TABLE II 
Molar Concentration of Solutions of Sodium Chloride Isotonic for Tumor Tissue 
Experiment 
2 
3 
4 
8 
9 
10 
11 
12 
13 
14 
17 
18 
19 
20 
Hepatoms 
0.18 
0.12 
0.18 
Chol~ugioma 
0.17 
0.24 
0.18 
0.17 
0.24 
0.22 
0.19 
Sarcoma 
0.26 
0.29 
0.2 
0.26 
Average  ..........  0.16  0.20  0.25 
5, Experiment 3) perhaps as the result of experimental error this relation has 
not been found.  The point at which the plotted line crosses the abscissa marks 
approximately the concentration at which no water enters or leaves the tissue, 
and is isotonic for it.  Concentrations of salt solution isotonic for hepatoma 
tissue as determined by this procedure are recorded in Table II.  They vary 
from 0.12 to 0.18 and the average is 0.16 molar.  In one experiment (Fig. 5, 
Experiment 4) in which a solution of sodium chloride with concentration 0.18 
molar was isotonic for the tumor tissue a  solution of potassium chloride with 
concentration 0.24 molar was isotonic for the  same  tissue.  In most of the 
small  number  of  tests  that  have  been  made  hepatoma  tissue  immersed  in 
Ringer's solution has taken up water during the first 15 minutes (Fig. 7) but 
when immersed in blood serum it has uniformly lost water (Fig. 7). 214  MOVEMENT  O~ WATER  IN TUMOR  TISSUE REMOVED  FRO~¢ BODY 
Slices of hepatoma tissue in water increase in weight much less than those of 
liver under the same conditions.  The subsequent precipitate loss of weight 
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F,o. 4.  Increase in weight of cholang~oma  tissue in water and in l~Jnger%  solution (bicar- 
carbonate buffer in presence of carbon dioxide and nitrogen). 
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Fxo. f  Initial  changes  in the per cent  increase  in weight  of hepatoma tissue  when  immersed 
in solutions  of sodium  or of potassium  chloride varying  in concentration  from  0.1 to 0.3 molar. 
The period of immersion  is 15 minutes.  A circle upon the ordinate indicates the per cent 
increase in weight  when hepatoma  tissue  has been immersed in distilled  water  during  the same 
period of time. 
(Figs.  1 to 4) indicates that injury of ceils has terminated their power to take 
in water by osmosis and microscopic examination shows that it is accompanied 
by partial disintegration of the tissue.  Entrance of water into the cells is  so 
retarded that it does not maintain during a half hour the linear relation to the EUGENE  L. OPIE  215 
square root of elapsed time evident when liver cells are similarly immersed. 
Microscopic examination shows that disintegration of the cytoplasm of tumor 
cells proceeds much more rapidly than that of the liver cells from which they 
are derived.  Solutions of sodium chloride isotonic for liver cells have twice 
the molar concentration of this salt in blood serum but solutions isotonic for 
tumor cells have a concentration almost the same as that in blood serum.  In 
Ringer's solution which contains approximately the same electrolytes as blood 
serum hepatoma tissue takes up water but in blood serum it has lost water. 
The difference is presumably referable to the osmotic pressure exerted by serum 
proteins but Ringer's solution may be more injurious to the tissue than blood 
serum and may increase its permeability. 
Movement of Water in Cholangiomas 
When tissue from cholangiomas is immersed in distilled water increase of 
weight is somewhat greater than that of hepatoma tissue and has reached a 
maximum somewhat later but otherwise the changes that ensue are similar 
(Fig. 1). 
Cholangioma tissue immersed in water undergoes histological changes which are analogous 
to those of hepatoma.  The basophile substance in the cytoplasm of the tumor cells disappears 
in a peripheral zone which rapidly extends and occupies the entire sectional area after about 
2  hours.  Tumor cells become swollen and vacuole-like spaces appear in their cytoplasm. 
When the change is advanced cytoplasm has disappeared about swollen palely stained nuclei. 
Bundles of fibers in the stroma are separated by clear spaces which evidently represent fluid 
between them. 
During the initial period of water immersion, that is, within the first half 
hour, intake of water as with hepatomas is not proportional to the square root 
of the elapsed time and does not follow a linear course when plotted with ref- 
erence to this  factor (Fig.  1).  When slices of cholangioma are immersed in 
solutions of sodium chloride varying in concentration from 0.05 to 0.45 molar 
(Fig. 6) changes in weight are found to be approximately, but not exactly, pro- 
portional to the concentration of the solution.  Solutions of sodium chloride 
isotonic for the tumor tissue have varied (Table II) from 0.17 to 0.24 with an 
average of 0.21 molar, being somewhat more concentrated that those isotonic 
for hepatomas.  In accord with this observation cholangioma tissue has taken 
up a  small quantity of water when in normal salt solution (0.15 molar) or in 
Ringer's solution (Fig. 7) but has uniformly lost water when immersed in blood 
serum.  Neverthless it has taken up some water when in ascitic fluid from the 
animal in which the tumor has arisen.  No information concerning the com- 
position of this fluid is available, but it is probable that its protein content is 
less than that of blood serum. 
When omentum containing metastases of cholangioma in large number has 
been immersed in water the  quantity taken  in as measured by increase  of 216  MOVEMENT  0~"  WATER  IN  TUMOR  TISSUE  REMOVED  ~ROM  BODY 
weight has been considerably greater than with the primary tumors of the liver 
(Fig.  1),  but  the  course of the  changes  that  follow has been similar.  It is 
probable  that  hydration  of fibrous  tissue  of the  surrounding  omentum, de- 
scribed in a  preceding publication  (1)  increases the water that accumulates. 
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FIO.P6. Initial changes in the per cent of weight of cholangioma tissue when immersed in 
solutions of sodium or of potassium chloride in concentrations between 0.05 and 0.45 molar. 
The period of immersion is 15 minutes. 
As with the primary tumors initial intake of water has not been proportional 
to the square root of the elapsed time (Fig. 1). 
In one instance omentum containing metastases of cholangioma has been isotonic with a 
solution of sodium chloride of concentration 0.15 molar.  Metastases from the same animal 
have been isotonic with a solution of potassium chloride 0.17 molar.  In another  instance 
(Fig. 7, Experiment 16) similar tissue has been approximately isotonic with the aseitic fluid 
present in the peritoneal cavity and in contact with the omentum and the metastases in it. EUGENE L.  OPIE  217 
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FIo. 7.  Initial changes in the per cent of weight of tissue from hepatomas, cholangiomas, 
and sarcomas immersed in normal salt solution, Ringer's solution, or blood serum.  The period 
of immersion is 10 minutes in Experiments 4, 17, and 21 and 15 minutes in the remaining ex- 
periments. 
Changes in the weight of cholangioma immersed in water (Figs.  1 and 4) 
and associated histological  evidence of injury to the tumor cells are similar 218  MOVEM~ENT  OF WATER  IN TUMOR  TISSUE REMOVED  FRO~  BODY 
to those found in hepatoma.  As interstitial  tissue, for example,  that of the 
pancreas, thymus, and omentum takes up water in large quantity, it is probable 
that the greater intake of water by cholangioma compared with hepatomn is 
explained  by the more abundant fibrous  stromn of the  former.  The  much 
greater  quantity of water taken up by metastases of cholangioma is doubtless 
referable  to the omental tissue in which they are  embedded.  Movement of 
water in choiangioma when in solutions of sodium or of potassium chloride of 
increasing  concentration (Fig. 6), in Ringer's solution (Fig. 4 and 7), and in 
blood serum (Fig. 7) differs little from that in hepatoma under the same con- 
ditions. 
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FIG. 8.  Composite graphs showing the per cent of weight of slices of tissue from 4 sarcomas 
immersed in water and from 2 sarcomas immersed in Ringer's solution.  The broken line 
represents the composite measurement plotted with reference to the square root of  the elapsed 
time. 
Movement of Water in Sarcoma 
Water  intake  by  sarcomas of the  subcutaneous tissue produced by  berm- 
pyrene  (Fig.  8)  differs  from that of hepatomas or of cholangiomas  (Fig.  1). 
Increase  of weight is considerably greater,  reaches  a  maximum Inter,  and is 
more sustained. 
Histological  examination  shows  that  sarcoma  tissue  immersed  in  water undergoes  changes 
that proceed from the periphery  inward and after  about 2 hours have altered  the tissue 
throughout.  The interstitial  tissue  which consists  of delicate  collagen  fibers,  crossing  and 
joining  one  another  to  form  an irregular  network,  is  distended  by  the  presence  of  large  clear 
spaces,  often  with globular  contour.  In the  cytoplasm of  the sarcoma cells  minute clearer 
spaces  are  surrounded  by  more  deeply  stained  material  that  takes  up  nuclear  dyes (fixed,  for 
example,  in  Zenkcr's  Giemsa fluid,  stained  by the Giemsa method, and  examined  with high 
magnification and oil immersion).  Larger clear spaces apparently of the same character may 
be seen at the periphery of some of the tumor cells.  Following immersion of the sarcoma tissue 
in water the tumor cells become much enlarged and vacuole-hke spaces varying in size give a ~UCE~E L.  oPm  219 
foam-like appearance to the cytoplasm.  The basophile material present in the sarcoma cells 
disappears.  Vacuoles  are largest at the periphery of the ceil and may gradually diminish in 
size toward the interior.  Elongated  cells  may have the largest vacuoles  at the two ends.  This 
vacuolizafion  evidently results in disintegration of the cytoplasm for after 2 hours in defined 
vacuolated material may be seen about a few nuclei, but in wide areas much enlarged faintly 
stained nuclei are no longer surrounded by recognizable  cytoplasm. 
The changes that are present in these  tumors  recall what Meltzer (7) and 
recently Zollinger (8) have designated potocytosis and Lewis (9), pinocytosis. 
During the initial half hour of immersion in water the increase of weight of 
sarcoma tissue  maintains when plotted a  linear relation to the square root of 
the time (Fig. 8) and in this respect differs from the hepatomas and cholan- 
giomas.  In Ringer's solution sarcoma, unlike hepatoma (Figs. 2 and 3) and 
cholangioma (Fig. 4), takes up water in moderate quantity and maintains this 
increased weight during several hours. 
In  concentrations of  sodium  chloride from 0.025  to 0.3  molar  change  in 
weight is not proportional  to the concentration of the solution (Fig. 9)  and 
when the weight is plotted with reference to this factor the loss of water in the 
higher concentration of salt (0.3 molar) is less than that indicated by a linear 
relation.  The concentration of  sodium  chloride isotonic for sarcoma  tissue 
as determined by the procedure that  has been described has varied from 0.2 
to 0.29  molar (Table II), with an average of 0.25 molar.  In two instances 
water has been taken up by sarcoma tissue immersed in blood serum (Fig. 7, 
Experiments 17, 18, and 21) whereas hepatomas and cholangiomas have in all 
save one instance lost water under the same conditions. 
The sarcomas produced by benzpyrene in the subcutaneous tissue are com- 
posed of cells with the appearance of fibroblasts and in intimate relation with 
newly formed collagenous fibrils.  The latter may vary from a loose network 
about rapidly multiplying cells to  compact strands  between spindle-shaped 
cells resembling mature fibroblasts.  Intake of water when the sarcoma tissue 
is immersed in it (Fig. 8) resembles that of interstitial  tissue represented by 
thymus, omentum, and pancreas and during the first half hour as with  these 
tissues is  poportional to the square root of the elapsed time.  Movement of 
water in solutions of sodium chloride is not proportional to the concentration 
of the solution because, as with the tissues mentioned, strong solutions cause 
less loss of water than that indicated by a proportional relation (Fig. 9, Experi- 
ments 17 and 18). 
It is not possible to define exactly the influence of tumor cells, on the one 
hand, or of interstitial tissue, on the other, upon the water exchanges that have 
been  described.  Nevertheless  injury  of  the  sarcoma  cells  recognizable  by 
microscopic examination is apparently as rapid and severe as that of the cells 
of hepatomas or of cholangiomas and presumably modifies similarly, though it 
does not dominate, movement of water within the tissue. cent 
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FIO. 9. Initial  changes in  the  per  cent  of  weight of  sarcoma tissue  when immersed in solu- 
tions  of  sodium or  of  potassium chloride  in concentrations  varying from 0.025 to  0.3 molar. 
This initial period is 10 minutes in Experiments 17, 19, and 20 and 15 minutes in Experiment 
18. 
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Fxo. I0. A graph showing the  per  cent  of  weight of  slices  of  an  adenofibmma immersed in 
water.  The broken  line  represents  the same measurements plotted  with reference  to the 
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220 EUGE~  L. oe~.  221 
Movement  of Water in Adenofibromas 
Opportunity to study the movement of water in a benign tumor with abun- 
dant  dense  fibrous stroma  has  been  given  by the  spontaneous  occurrence 
of adenofibroma in two white rats.  In one instance the tumor was found in an 
animal that had just died, in the other the tumor was examined immediately 
after the animal  had been killed.  Alveoli formed by small polygonal cells 
were surrounded by coarse often concentric bands of dense fibrous tissue which 
were predominant in the tumor.  Immersion of slices of the latter in water has 
been followed by moderate increase of weight (Fig. 10), maintained for more 
than 2 hours.~Th%weight has then rapidly fallen to  the original level.  The 
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Fzo.  11.  Initial changes in the per cent of weight of tissue from two adenofibromas im 
mersed  in  sodium  chloride varying in concentration from 0.05  to 0.6 molar.  This initia 
period is 15 minutes. 
changes that have been found when this tissue has been immersed in concentra- 
tions of salt solutions from 0.05 to 0.6 molar are especially noteworthy because 
they resemble those which occur in dense fibrous tissue such as that  of the 
corium of the skin or of the wall of the aorta.  Intake of water is not propor- 
tional to the concentration of the solution and does not diminish as the concen- 
tration increases (Fig.  11).  For other tumors that have been studied a con- 
centration of sodium chloride between 0.12 and 0.29 molar (Table II) has been 
found to be isotonic, but water has entered these adenofibromas from solutions 
of all the concentrations that have been tested.  In one instance weight has 
increased more in strong solutions of sodium chloride than in distilled water. 
Water exchanges of these adenofibromas give little insight into the part taken 
by the glandular cells of the tumor because in water and in solutions of sodium 
chloride they resemble closely the anomalous changes which occur in the coln- 222  MOVEMENT  O:F  WATER  IN  TUMOR  TISSUE  REMOVED  :FROM BODY 
pact fibrous tissue of the skin and of the wall of the aorta and are presumably 
referable to the abundant dense stroma of the tumor. 
CONCLUSIONS 
When  immersed  in  water  cells  of hepatomas  produced  by  p-dimethyl- 
aminoazobenzene  (butter yellow) take in less water than liver cells from which 
they are derived and more rapidly undergo disintegration; cholangiomas pro- 
duced by butter yellow undergo similar changes. 
As a result of the injury of the tumor cells by water the osmotic exchange, 
characteristic of the normal liver cells under the same conditions,  is impaired 
within the initial half hour of immersion. 
Solutions of sodium chloride isotonic for hepatoma tissue have a concentra- 
tion approximating 0.16 molar and for cholangioma,  0.2 molar, whereas solu- 
tions isotonic for normal liver tissue approximate 0.34 molar. 
Water exchange  of hepatoma  and  of  cholangioma  tissue  in  solutions  of 
sodium chloride  of various concentrations deviates from a proportional rela- 
tion to the concentration more than does normal liver tissue under the same 
conditions. 
Water exchange of sarcoma of the subcutaneous tissue produced by benzpy- 
rene when immersed in water resembles  that of interstitial fibrous  tissue of 
normal animals, but by the procedures  that have been used water exchange of 
the  tumor cells  alone has  not  been measurable.  Microscopic  examination 
indicates that the sarcoma cells are as susceptible to injury as those of the other 
tumors that have been examined. 
Intake of water by adenofibromas  of the subcutaneous tissue is apparently 
dominated by changes in the dense stroma of the tumor and has the anomalous 
character of intake by compact fibrous tissue of the corium of the skin and of 
the wall of the aorta. 
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